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EXECUTIVE SUMMARY

Technology transfer, research and development and

engineering projects frequently require in-depth literature

reviews. These reviews are carried out using computerized,
bibliographic databases. The review and/or searching process
involves keywords selected from database thesauri. The search

strategy is formulated to provide both breadth and depth of
coverage and yields both relevant and non-relevant citations.
Experience indicates that about 10-20% of the citations are
relevant. As a consequence, significant amounts of time are
required to eliminate the non-relevant citations. This report
describes statistically-based, lexical association methods which
can be employed to determine citation relevance. 1In particular,
the searcher selects relevant terms from citation-derived indexes
and this information along with lexical statistics is used to
determine citation relevance. Preliminary results are
encouraging with the techniques providing an effective

concentration of relevant citations.
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1. SEMI-AUTOMATIC DETERMINATION OF CITATION RELEVANCY

1.1 Introduction

The automation of the citation review process has been
carried out in conjunction with an in-depth review of technology
transfer processes. The review and automation have been directed
toward techniques and mechanisms used by NASA Industrial
Application Centers. Particular emphasis has been placed on the
industrial applications study [1]. This mode of technology
transfer can be defined as the location of existing technology
which addresses a specific need and its reformulation into a form
which is usable and understandable to the recipient. This
normally implies the secondary utilization or application of
technology for purposes other than those for which the technology
was originally intended or created. The process usually involves
the crossing of disciplinary or mission barriers.

The actual processes involved in an industrial applications

study are shown in flowchart format in Figure 1. The study is
generally carried out by an engineer or scientist. The process
consists of: the selection of databases, formulation of search

strategies, conduct of on-line searches, review and ranking of
citations for relevancy, ordering and analysis of publications,
contact and consultation with experts, preparation of a final
report, transmittal of the report to the client, and the carrying

out of a benefits analysis.



The over-all process is labor intensive; however, a few of

the elements are amenable to automation. In particular,
pre-processors for database access [2], [3], [4], and [5] and
post-processors for <citation analysis are available. This

report will discuss one aspect of post-processing--the

semi-automatic determination of abstract relevancy.
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1.2 over-all Approach

The method used to evaluate abstract relevancy combines
three elements: a statistical and/or lexical analysis of the
abstracts to determine a characteristic word index, a user
determination of word relevance and the combination of user input
and statistical analysis to rank the citations for relevance.
The method and some preliminary results will be discussed in the

following sections.

1.3 The Mathematical Model

As noted above, the relevancy determination combines lexical
association methods [6], (71, (8], [9], and [10] with user input.
The lexical and/or statistical techniques are used to generate an
index of characteristic words. These are not selected from the
controlled vocabulary keywords of the online database system but
are generated with the lexical association algorithms from the
post-search collection of citations. The user selects relevant
words from this 1list. This information along with the
statistical metrics is used to rank the citations for relevance.

The statistical methods used to generate the characteristic
word indices are based on the word occurrence matrix. This is
shown in Figure 2 and defines the number of occurrences of a
given term in a specified citation, e.g., n2'3 = 6 implies that
the third term appears 6 times in the second abstract. Note that
terms lacking a report specific meaning, e.q., a, an, the, it,
etc., are neglected by employing a stop list.

4
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While all the various statistical parameters could be based
on the occurrence matrix, it was found that a normalized form was
more effective. The normalized form uses the median abstract

size and is defined as

A, . = INTG k=1 (1)
3 J K
2: 2: n. ,/J

321 xS Ik

where ﬁj x 1s rounded to the nearest integer except that ﬁj K is
14 14

never rounded to 0 for nj x greater than 0. ﬁj Kk is effectively

!’ '

a frequency of occurrence with the advantage of integer
arithmetic. This is a significant factor since the software
system is configured for operation on a fixed disk, micro-
computer system.

A number of parameters can be derived from the f.

J/k

In particular, the frequency of the term k in the collection can

term.

be defined as

Even though Fk is based on a normalized occurrence matrix,

it can be biased by a few large values of ﬁj K The document
r

occurrence frequency, i.e.,

1 n. > 0
b. . = { 3.k (3)

0 Otherwise



J
B, = z: b. (4)
k i< i.k

is not subject to this influence. Both Fk and Bk are measures of
the importance of the term k with the former favoring total
occurrences and the latter occurrences in multiple documents.

The signal-noise ratio of communication theory [11] can also

be applied to the citation collection. The noise is defined as

J
N, = 1.44 ,:ln(Fk) - — jg X nj’kln(nj'k)] (5)

where

nj’kln(n.,k) ——— ()

J (6)
A, | —
J.k
by L Hospital’s rule. The signal is defined as
Sk = l.44ln(Fk) - Nk (7)

Note that the factor 1.44 results from the conversion of log2X to
1ogeX, i.e., 1nX.

While both F, and By are directly linked to A.

J.k’

K’ Sk and nj,k 1s less obvious. Some

Kk the

relationship between N
insight into the relationship between the variables can be gained

by considering two specific cases. In the first case, let ﬁj K =
14

1, for all j and a specified k, i.e., the same term appears in

all abstracts. Equations (2), (5) and (7) show that F. = J, N, =

k k

1.441n(J) and Sk = 1.441n(J) - 1.441n(J) = 0. It thus follows



that the uniform occurrence of a term produces a background noise

level but no signal.

In the second case, let ﬁj K = 0 for all abstracts save one
with that value being Fk‘ Equations (2), (5) and (7) yield Fk =
Fk' Nk = 1.44{1n(Fk) - Fkln(Fk)/Fk} = 0 and Sk = 1.441n(Fk). The

multiple occurrence of a term in an individual abstract produces
a non-zero signal with a 0 noise level.

The two cases represent the extremes. The relatively
uniform presence of a term in many abstracts produces 1little
signal and high noise. The infrequent appearance of a term will
produce high signal levels with low noise. 1In a sense, Fk and Sk
are complimentary in that Fk reflects numbers of occurrences
while Sk depicts deviations from uniformity.

The weighing factors for the various terms which appear 1in

the collections can be computed as

Kk Fka (8)

K = FkaSk (9)
where Dk is a discrimination factor [7] which is defined as

D, = 1.44[1n(J) - 1n(B

K + 1] (10)

k)

Equations (8) and (9) are used to define two sets (indices)
of characteristic words. The number of words is arbitrary--all
unique words are analyzed. Current versions of the program
display the first 100 words, i.e., the words with the largest

wlE) (s)

and W values. The searcher assigns a relevance value,



r.r to each of these words. r, can téke on any value desired
with preliminary tests employing 0 for not relevant, 10 for
moderately relevant and 20 for relevant.

The abstract and/or citation ranking equations combine both

the Wk and r, data. The equations employed are

k
1 K
(£) ~ (f)
R. = — n. ,D.r (11)
j K ]<2;1_ J,k"k7k
rS) o : § A. D5, r's) (12)
3j K k<1 J.k7kVk"k
where Rj denotes the relative ranking of the J-th abstract. The

superscripts f or s simply denote the metric employed.

1.4 Preliminary Results

The mathematical techniques of the previous section--along
with a number of other features--have been implemented in a
software system called SORT-AID [12], Figure 3. The system
operates on a fixed-disk microcomputer with 512 Kbytes or more of
memory. The software is now being evaluated by a number of NASA
Industrial Application Centers with some preliminary results
available. These will be discussed in the following paragraphs.

As noted in the previous section, the W equations are used
to generate the indices of characteristic words. Two typical
indexes are shown in Figures 4 and 5. Figure 4 lists the words

generated with wéf) while Figure 5 shows those developed with

(S).

Wy

The terms are listed by Wk values and these vary by a

9



factor of 10-30 for the first 100 words. The ry values are user
Supplied. Note that these indexes are not derived from the
controlled vocabulary of the database but from the citations
themselves. Limited word stemming [10] is used to minimize
duplication of terms which are essentially equivalent. Note that
some terms are common to both lists while others are unique.

Equations (11) and (12) can be used to generate a series of
Rk values. They are used to order the abstracts with the most
relevant first followed by the least relevant. The actual
determination of relevance is subjective and depends to some
extent on the engineer evaluating the material. A number of
experienced searchers have evaluated citations and determined
relevance. The results to date are positive.

The relevance of the various citations is plotted in Figures
6, 7, 8, and 9. The objective of the process is to concentrate
the relevant citations at the beginning of the collection. The
data depicts this concentration by using abstract groups and
relevant citations in the group/total number of relevant
citations as the plotting parameters. Each of the four figures
contains three separate curves--the ideal distribution, i.e., all
the relevant citations grouped together in positions 1 to J1
where J denotes the total number of relevant citations, and
distributions derived using the frequency, Fk, and signal-to-

noise, Sk’ approaches.

10
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The results are generally posiﬁive with the algorithms
providing significant concentration of citations when compared to
a normal distribution. Furthermore, the results approach the
ideal in a number of cases. The beneficial results are dependent
upon significant computations which in turn require computing
time. Some typical operational times for the two major
algorithms--NABST and RANK--are shown in Figure 10. While not
unduly prohibitive, the operational times--on an IBM AT

computer--are substantial.
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1.5 Future Activities

A number of issues remain to be resolved. The overall
effectiveness of the system must be verified in field tests.
Preliminary results--while largely positive--are very limited in
scope. The SORT-AID system is now being evaluated in a number of
NASA Industrial Application Centers. These results will provide
an objective and broadly-based assessment of the software
system. The results--to date--are discussed in Section 2.

More sophisticated techniques could be used to generate the
keyword index. These might prove to be more effective although
order-of-magnitude improvements are unlikely. Reduction of
computer run times is another area wherein overall effectiveness
can be significantly improved. New generations of computer
hardware will yield reduced operating times. Some initial
experiments with the NABST algorithm recoded in the C language
are very promising. Operating times were reduced by a factor of
3. If this holds for RANK as well, total operating times for
both NABST and RANK would be on order of 5-6 sec/citation.

In summary, evaluations of the software systems will be
continued. Reduced computer operational times will be emphasized

in continuing developments.
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2. USER EVALUATION OF SOFTWARE

2.1 Current Test Sites

The SORT-AID software system is currently installed at the
Aerospace Research Applications Center (ARAC), the Southern
Technology Assistance Center (STAC), the NASA Scientific and
Technical Information Facility (STIF), and the University of
Southern Mississippi. Additional sites will be activated during
the coming months. User results to date along with a user s

manual are discussed in the following sections.

2.2 Results to Date

ARAC has used the DEC 11/780 VAX version of SORT-AID
extensively. Their results with NABST and REVIEW have been very
positive, e.g., see [12]. ARAC has limited experience with RANK
with mixed results. The current version of SORT-AID--PC-based--
incorporates significant modifications to RANK. Recent results
[13] indicate improved performance over earlier versions.

SORT-AID usage by both STAC and STIF has been limited. At
this point, STAC’s computer facilities are being utilized for a
large database project. This has minimized the time available
for SORT-AID evaluation. Preliminary results are promising but
the software has not been used in the production environment.
Completion of the database project along with acquisition of
additional computer hardware should result in greater utilization
of SORT-AID in the coming months.

21



2.3 User’s Manual

A draft version of a SORT-AID user’s manual [14] has now
been developed. The manual is being distributed to the test
sites for comment and review. A copy 1s included with this
report. The user’s manual includes a description of the citation
review tool set, the relevance determination sub-system, an
example SORT-AID session, installation of the software, the
database information files, a description of the REVIEW commands

and the stop list file.

2.4 Future Activities

The software system will be distributed to additional test
sites during the coming year. Test results will continue to be

analyzed and software modifications implemented as required.
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3. ANCILLARY RESEARCH ACTIVITIES

In addition to the research and development documented
directly in this report, a significant amount of ancillary and/or
related research was carried out at the University of Southern
Mississippi. This work has been documented in journal articles
or in Master s theses and project reports. The various
publications are listed in Table 1. Copies of all documents are

— available if desired.
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TABLE 1

Publications Generated During
July 1, 1985 - June 30, 1986

Journal Articles

Huffman, G. David and Leigh, William. = "The well Equipped
Searcher’s Support Station", Microcomputers for Information
Management, Vol. 3, pp. 59-68, 1986.

Leigh, William; Huffman, G. David; Paz, Noemi; and Vital, Dennis.
"Development of a Technology Transfer Workstation",
Proceedings of the Nineteenth Annual Hawaii International
Conference on System Sciences, January 7-10, 1986, Honolulu,
Hawaii.

Leigh, William; Burgess, Clifford; Huffman, G. David; and Paz,
Noemi. "User Facilities for Engineering Support Stations",
Proceedings of the Eighth Annual Conference for Computers
and Industrial Engineering, March 19-21, 1986, Orlando,
Florida. (Published as Journal of Computers and Industrial
Engineering, Vol. 10, Supplement 1, 1986.)

Huffman, G. David and Leigh, William. "Semi-Automatic
Determination of Abstract Relevance", Eleventh Annual
Meeting and International Symposium--Technology Transfer
Society, June 23-26, 1986, Indianapolis, Indiana.

Leigh, William, Huffman, G. David and Souder, R. "Aiding and
Training Novice Computer Users Online with Executable
Documentation", accepted by Journal of Educational

Technology Systems, to appear summer, 1986.

Leigh, William, Huffman, G. David and Paz, Noemi. "A Mark-Up
Language for the Presentation of Executable Documentation",
Trends in Ergonomics/Human factors III, Elsevier Science
Publishers, B.V. (North Holland), to appear 1986.

Huf fman, G. David and Leigh, William. "A Technique for
Presenting Computer System Instruction Online Using a
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